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Abstract

Minimum energy trajectory data to the planets Jupiter,
Saturn, Uranus, Neptune and Pluto are presented for each launch
opportunity in the period 1975-2000. Data for launch windows
of 10, 20, and 30 day are tabulated in most cases. The data
consists of the launch date, characteristic and vis viva energy,
hyperbeclic approach velocity, communications distance and time
of flight associated with each opportunity. It was found that
energy requirements tend to increase rapidly as launch windows
are increased and thus it is suggested that whercver possible
windows to the outer planets be restricted to 20 days or less.
The trajectory data presented provides an adequate advanced
mission planning guide to the outer planets launch opportunities

between 1975 and 20090.
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Report No. T-20

TRAJECTORY OPPORTUNITIES TO THE OUTER PLANETS
FOR THE PERIOD 1975-2000

1. INTRODUCTION

The five outer planets, Jupiter, Saturn, Uranus, Neptune,
and Pluto will, with the possible exception of Pluto, be targets
for space missions between 1975 and the end of the century. It
is thus important in the context of advanced mission planning
that a definitive set of trajectory data be available. Initial
studies by Richard (1966) and Ross (1966) have provided launch
energy data for the minimum energy trajectories to the outer
planets up to the year 2000. The minimum energy trajectory
usually requires an impractically long flight time (e.g., Uranus
13 years) and thus the available data is of limited use.

This report considers trajectories having selected con-
stant flight times, in addition to the minimum energy ones, for
the approximately annual opportunities to each of the outer
planets between 1975 and 2000. The constant times of flight
have been selected for each planet to represent the trade-off

between launch energy and flight time. Also four launch windows
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between 0 and 30 days are represented so that allowance may be
made for anticipated reductions in launch operation times in
the future.

2, METHOD

The JPL Space Research Conic (SPARC) program has been
used exclusively in calculating the following trajectory data
as a function of launch date. The minimum energy opportunity
data given by Richard (1966) for each calendar year was used
to determine a starting date.

The minimum energy opportunities were located by ob-
taining launch dates in 5 day increments from the starting date
for an interval of 30 days. From this data 0, 10, 20, and 30
day windows could be delineated. Each end of the launch window
was required to have approximately the same launch energy re-
quirements.

The constant flight time trajectories used the same
starting date information but the SPARC program searched for
the minimum energy trajectory for the selected flight time.
Additional trajectories were then calculated at 5 day intervals
each side of this minimum until the 10, 20, and 30 day launch
windows could be defined.

3. RESULTS

The following data has been tabulated for all the launch

opportunities in this study:

a) Launch date (at beginning of the window)
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b) Characteristic velocity, V_* (ft/sec)

c) Vis viva energy, Cq (kmz/secz)

d) Planet hyperbolic approach velocity, VHP (km/sec)
e) Intercept communication distance, RC (AU)

f) Time of flight, TF.

Each of the following tables gives the trajectory data for one
opportunity for one planet. Launch windows of 0, 10, 20, and
30 days are included. For C5, VHP, and RC the maximum values
across the launch window are given. Hence, with the exception
of the 0-day launch window, the trajectory data shown has been
accumulated from several trajectories flown during the launch
period and are not necessarily the properties of any one trajec-
tory. The constant flight times were selected to be less than
ten years, to provide tractable mission durations and, except
for Jupiter, to give minimum communications distance at inter-
cept. The values selected for Jupiter are those that are of
general interest and do not necessarily yield minimum communica-
tion distance.

Some comment should be made on the process of selecting
the launch window. When comparing the C3 energy values at
either end of the window, it was found that in general the dif-
ference between the two was less than 5 kmz/secz. Since the

launch date was only being varied in five day increments, dif-

ferences of this amount or less were considered reasonable and

RV, = 3280.8333 \/C3 + 121.5964
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the larger of the two values was recorded. There were only
three cases where this close a match in C4 was not achieved.
All three of these cases occurred with constant flight time
trajectories to Saturn. In two cases*, the differences in C3
were in the range of 15-20 kmz/sec2 and the higher values of
Cq was again recorded. These particular launch windows there-
fore tend to be conservative. For the third case**, the dif-

2 and thus no data were shown.

ference in Cy exceeded 50 kmz/sec

More precise launch window energy requirements could
be determined for all three of these cases by computing trajec-
tory data for smaller intervals of launch date. But it was
noted that the energy values for these windows would still tend
to rise rapidly as the window length is increased.

For minimum energy trajectories to Jupiter, both Type I
and Type II were obtained, but for Saturn, Uranus, and Neptune
only Type I trajectories have been presented. This is due to
the longer flight times associated with Type II trajectories
to these furthermost planets.

Because of Pluto's highly inclined orbit, the truly
minimum energy trajectories tend to intercept Pluto when it
crosses the ecliptic plane around the year 2020. The times of
flight associated with minimum energy windows (composed of seg-
ments of both Type I and Type II trajectories) range between

41 and 47 years for the 1975-76 opportunity to between 17 and

%1250 day flight to Saturn (30 day launch window).
1625 day flight to Saturn (20 day launch window).

*%1625 day flight to Saturn (30 day launch window).
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29 years for the 2000 opportunity. Since these two cases indi-
cate the trend of Pluto's trajectories and because the flight
times involved are long, no additional minimum energy data to
Pluto were generated. Instead, the more practical constant
flight time trajectories of 5 and 10 years were run for every
fifth year between 1975 and 2000. These again were sufficient
to indicate the nature of the trajectories to Pluto. In view
of the uncharacteristic nature of the Pluto data it has been
presented graphically in Figures 1 through 6 rather than in
tabular form.

4. CONCLUSIONS

The trajectory data presented provides an adequate ad-
vanced mission planning guide to the outer planets launch op-
portunities between 1975 and 2000. The quoted launch dates
are correct to within 2 or 3 days and the Cq energies with the
exception of the three cases involving Saturn are within
5 kmz/secz. Since the energy requirements tend to rise rapidly
as launch windows are increased, it is suggested that, wherever
possible, windows for the outer planets be restricted to 20
days or less. The constant flight times selected for each
planet correspond to those that minimize communications distance
at intercept. This is true for all planets considered except
Jupiter where times of flight of general interest were run and
do not necessarily minimize communications distance. Due to

Pluto's inclined orbit, a minimum amount of data was obtained,
b
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but enough to indicate the trend of trajectories to this planet.
Data for Jupiter, Saturn, Uranus, and Neptune are presented in

tabular form while data for Pluto is in graphical form.
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OPPORTUNITIES TO PLUTO

1975 - 76
1980 - 81
1985 - 86
1990 - 91
1996

1999 - 2000
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CHARACTERISTIC VELOCITY (V¢), FT/SEC
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CALENDAR LAUNCH DATE, 1975~ 1976
FIGURE I. ENERGY CURVES FOR 1975-76 PLUTO OPPORTUNITY

VIS VIVA ENERGY (C,), KN?/SEC?



CHARACTERISTIC VELOCITY (V.), FT/SEC
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CALENDER LAUNCH DATE,1980-198I

FIGURE 2. ENERGY CURVES FOR 1980-81 PLUTO OPPORTUNITY
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VIS VIVA ENERGY (C,), kMY sec?



CHARACTERISTIC VELOCITY (V,),FT/SEC
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CALENDAR LAUNCH DATE, 1985-1986

VIS VIVA ENERGY (C4), KM% SEC?

FIGURE 3. ENERGY CURVES FOR 1985-1986 PLUTO OPPORTUNITY
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CHARACTERISTIC VELOCITY (V.), FT/SEC
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FIGURE 4. ENERGY CURVES FOR 1990-91 PLUTO OPPORTUNITY
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CHARACTERISTIC VELOCITY (V¢ ), FT/SEC
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FIGURE 5. ENERGY CURVES FOR 1996 PLUTO OPPORTUNITY
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VIS VIVA ENERGY (C,), xm2/sec?



CHARACTERISTIC VELOCITY (V¢), FT/SEC
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CALENDAR LAUNCH DATE, 1999-2000
FIGURE 6. ENERGY CURVES FOR 1999-2000 PLUTO OPPORTUNITY
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VIS VIVA ENERGY (C,), KkMZ/SEC?




